Materials and Methods

Bacterial Strains
Fifteen strains isolated from diseased sea urchins which were tentatively identified to the genus Vibrio,3) 17 refer ence strains of the genus Vibrio and 15 strains of Vibrio spp. isolated from the intestine of healthy sea urchins were used in this study as shown in Tables 1 and 2 . All strains were maintained on seawater agar medium (SA: polypep ton I g, yeast extract 1 g, proteose peptone 1 g, meat ex- Table 1 .
Sources of bacterial strains used in this study tract 1 g, 75% Herbst's artificial seawater4) 1000 ml, pH 7.8). SA medium was also used as the basal medium for determination of biochemical properties.
Biochemical and Physiological Characteristics of Isolates
The biochemical and physiological characteristics of the strains including the reference strains were investigated according to the methods described by Sakazaki:5) DNAs from the strains were extracted and purified according to the method of Marmur8) with some modifica tions. The G+C contents of DNAs were determined by the high performance liquid chromatography of their nuclease PI hydrolysate, according to the method of Kumagai et al.9) DNA-DNA hybridization was performed according to the method described by Ezaki et al.10) with minor modifications. DNAs of the representative strains Da-2 (Date), Sr-3 (Shiriuchi) and Sk-1 (Shikabe) of the three Breeding Centers were labeled with photobiotin. 
Results and Discussion
The causative bacteria isolated from diseased sea ur chins of three Breeding Centers were Gram-negative, oxi dase positive, facultative anaerobic, slightly curved short rod organisms with a single polar flagellum as described previously.3) They fermented glucose without gas produc tion. The G+C contents of all the 15 strains were ranging from 43.3 to 46.4 mol%. On the basis of these characteris tics, we confirmed that the strains belong to the genus Vibrio. The biochemical and physiological characteristics of 15 isolated strains and the reference strains are shown in Table 3 . Biochemical properties of the strains of Shiriuchi were completely identical with those of Shikabe. However, they differed from those of Date only by indole production test. There were no strains of each Breeding Center which were identified to the reference strains. However, V. cam pbellii, V. proteolyticus, V. harveyi and Vibrio spp. isolat ed from the intestine of sea urchin were relatively closer to the strains, even though they differed in 4 or 5 properties from our strains ( Table 3 ).
All the strains of Date were genotypically closely related to the strain Da-2 with a homology values ranging from 80.6 to 100% (Table 4) . But the strain Da-2 showed rela tively low relatedness ranging from 44.1 to 56.4% with strains of Shiriuchi and Shikabe. On the other hand, the strains of Shiriuchi and Shikabe were also genotypically closely related to each other showing significant homology values from 78 to 100% (Table 4) The slide-agglutination reactions among anti-Da-2, -Sr-3 and -Sk-1 sera and formalin-killed cells of each strain isolated from three Breeding Centers indicated that the strains of Date were different from those of Shiriuchi and Shikabe and the strains of Shiriuchi were identical to Shikabe in serology also (Table 6 ). None of the reference strains (formalin-killed cells) reacted with any antisera by slide agglutination reactions (data not shown). This sug gests that the causative organisms are different from the reference strains in serology also. We therefore concluded that the strains Sr-3 and Sk-1 are different both genetically and serologically from the strain Da-2. Based on the comparative studies with refer ence Vibrio species, the strains isolated from diseased sea 
